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
$EVWUDFW²7KHVWXG\DVVHVVHGWKHSRWHQWLDODQGHFRQRPLFYLDELOLW\
RI VWDQGDORQH ZLQG V\VWHPV IRU HPEHGGHG JHQHUDWLRQ WDNLQJ LQWR
DFFRXQW LWV EHQHILWV WR VPDOO RIIJULG UXUDO FRPPXQLWLHV DW 
PHWHRURORJLFDO VLWHV LQ1LJHULD$ VSHFLILF HOHFWULF ORDG SURILOHZDV
GHYHORSHGWRDFFRPPRGDWHFRPPXQLWLHVFRQVLVWLQJRIKRPHVD
VFKRRO DQG D FRPPXQLW\ KHDOWK FHQWUH 7KLV ORDG SURILOH ZDV
LQFRUSRUDWHG ZLWKLQ WKH GLVWULEXWHG JHQHUDWLRQ DQDO\VLV SURGXFLQJ
HQHUJ\LQWKH0:UDQJHZKLOHRSWLPDOO\PHHWLQJGDLO\ORDGGHPDQG
IRUWKHUXUDOFRPPXQLWLHV7ZHQW\IRXU\HDUVWRRIZLQG
VSHHGGDWDDWDKHLJKWRIPXWLOL]HGIRUWKHVWXG\ZHUHVRXUFHGIURP
WKH 1LJHULD 0HWHRURORJLFDO 'HSDUWPHQW 2VKRGL 7KH +20(5
VRIWZDUH RSWLPL]LQJ WRRO ZDV HQJDJHG IRU WKH IHDVLELOLW\ VWXG\ DQG
GHVLJQ(DFKVLWHZDVVXLWHGWR0:ZLQGWXUELQHVLQVHWVRIILYHWKXV
0: ZDV GHVLJQHG IRU HDFK VLWH 7KLV GHVLJQ FRQILJXUDWLRQ ZDV
DGRSWHGLQRUGHUWRHDVLO\FRPSDUHWKHGLVWULEXWHGJHQHUDWLRQV\VWHP
DPRQJVW WKH VLWHV WR GHWHUPLQH WKHLU UHODWLYH HFRQRPLF YLDELOLW\ LQ
WHUPVRIOLIHF\FOHFRVWDVZHOODVOHYHOLVHGFRVWRISURGXFLQJHQHUJ\
$QHWSUHVHQWYDOXHZDVHVWLPDWHGLQWHUPVRIOLIHF\FOHFRVWIRURI
WKH PHWHRURORJLFDO VLWHV 2Q WKH RWKHU KDQG WKH UHPDLQLQJ VLWHV
\LHOGHGDQHWSUHVHQWFRVWPHDQLQJWKHLQVWDOODWLRQVDWWKHVHORFDWLRQV
ZHUHQRWHFRQRPLFDOO\YLDEOHZKHQXWLOL]LQJWKHSUHVHQWWDULIIUHJLPH
IRUHPEHGGHGJHQHUDWLRQLQ1LJHULD

.H\ZRUGV²:LQGVSHHGZLQGSRZHUGLVWULEXWHGJHQHUDWLRQFRVW
SHUNLORZDWWKRXUFOHDQHQHUJ\1LJHULD
, ,1752'8&7,21
,*(5,$SUHVHQWO\OLHVDWDFURVVURDGGXHWRWKHLQDELOLW\
RI JRYHUQPHQW WR DJJUHVVLYHO\ LPSDFW RQ DFFHOHUDWHG
JURZWK LQ WKH HQHUJ\ VHFWRU 7KLV KDV OHG WR VOXJJLVKQHVV LQ
HFRQRPLFGHYHORSPHQWWKHUHVXOWRILQDGHTXDWHJHQHUDWLRQRI
SRZHU WR GULYH LQGXVWULDO DQG HFRQRPLF JURZWK$V RI 
1LJHULD
V SULPDU\ FRQVXPSWLRQ ZDV UHFRUGHG WR EH
DSSUR[LPDWHO\ 0LOOLRQ 7RQV RI 2LO (TXLYDOHQW 0WRH RU
 7:K +RZHYHU D KXJH FKXQN RI WKHVH YROXPHV DUH
SURGXFHGE\WUDGLWLRQDOELRPDVVDQGZDVWHVHH)LJ\LHOGLQJ
RI WKHQDWLRQ
V WRWDO SULPDU\ FRQVXPSWLRQ$GGLWLRQDOO\
1LJHULD DOVR FRQVXPHG DPLQRU WRQV RI FRDO LQ 
)RVVLOIXHOVFRYHUZKLOHUHQHZDEOHHQHUJ\LQWKHIRUPRI
K\GURSRZHURQO\PHHWVRISULPDU\FRQVXPSWLRQ>@>@,W
LVQRWHZRUWK\WKDWDFFHVVWRHQHUJ\LVDNH\WRVRFLRHFRQRPLF
GHYHORSPHQW DQG DGYDQFHPHQW HVSHFLDOO\ IRU WKH UXUDO

2 2 $MD\L LV ZLWK 0HFKDQLFDO (QJLQHHULQJ 'HSDUWPHQW &RYHQDQW
8QLYHUVLW\ 30 % 2WD 1LJHULD SKRQH  HPDLO
ROXVH\LDMD\L#FRYHQDQWXQLYHUVLW\HGXQJ
2 ' 2KLMHDJERQ VWXGLHG DW 0HFKDQLFDO (QJLQHHULQJ 'HSDUWPHQW
8QLYHUVLW\RI/DJRV$NRND/DJRV1LJHULDHPDLORKLR]XD#JPDLOFRP
02JERQQD\DLVZLWK0HFKDQLFDO(QJLQHHULQJ'HSDUWPHQW8QLYHUVLW\RI
/DJRV$NRND/DJRVDQGVWXGLHVDW&RYHQDQW8QLYHUVLW\2WD1LJHULDHPDLO
PHUF\GLYLQHN#\DKRRFRXN
$ $WWDER LV ZLWK 0HFKDQLFDO (QJLQHHULQJ 'HSDUWPHQW &RYHQDQW
8QLYHUVLW\2WD1LJHULDHPDLODPHKD#\DKRRFRP
SRSXODFH3UHVHQWO\DQXPEHURIUHPRWHUXUDOFRPPXQLWLHVDUH
VWLOO XQFRQQHFWHG WR WKH FHQWUDO QDWLRQDO JULG V\VWHP
&RQVHTXHQWXSRQWKLVLVDVXUJHLQUXUDOXUEDQPLJUDWLRQZLWK
LWVDWWHQGDQWULVNRIIRRGLQVHFXULW\DQGDQRYHUVWUHWFKRIEDVLF
LQIUDVWUXFWXUHV LQ FLW\ FHQWHUV 2Q WKH RWKHU KDQG WKRVH WKDW
UHPDLQLQUXUDODUHDVFRQWULEXWHWRDQXQVXVWDLQDEOHGHSOHWLRQRI
WKHQDWLRQ
VIRUHVWGXHWRWKHXQZKROHVRPHDFWVRIWUHHIHOOLQJ
DVWKH\GHSHQGRQIXHOZRRGWRPHHWWKHLUHQHUJ\GHPDQGV,W
LVUHSRUWHGWKDW1LJHULDFRQVXPHVRYHUPLOOLRQPHWULFWRQV
RIIXHOZRRGSHUDQQXP>@7KLVDODUPLQJUDWHRIFRQVXPSWLRQ
IDURXWZHLJKVWKHUDWHRIUHSOHQLVKPHQW6WXGLHVVKRZWKDWWKH
UDWH RI GHIRUHVWDWLRQ LQ 1LJHULD LV DSSUR[LPDWHO\ 
KHFWDUHVSHUDQQXPFRUUHVSRQGLQJ WRRIFXUUHQW IRUHVWV
DQG ZRRGODQGV )XUWKHUPRUH WKH UDWH RI UHIRUHVWDWLRQ RQO\
PHDVXUHV D WHQWK RI WKH GHIRUHVWDWLRQ UDWH 7KLV KDV OHG WR D
PDMRULQFUHDVHLQGHVHUWLILFDWLRQLQWKHDULGVWDWHVDQGHURVLRQLQ
WKHVRXWKHUQVWDWHVRIWKHFRXQWU\>@7KHUHIRUHWKHREMHFWLYH
RIWKLVVWXG\LVWRDVVHVVWKHSRWHQWLDODQGYLDELOLW\RIKDUQHVVLQJ
ZLQGHQHUJ\UHVRXUFHLQHYHU\UHJLRQDFURVVWKHJHRJUDSKLFDO
GLYLGH RI 1LJHULD 7KH UHVHDUFK IRFXVHV RQ WKH IHDVLELOLW\ RI
JHQHUDWLQJ FOHDQ HQHUJ\ IURP D IUHHO\ DYDLODEOH DQG QRQ
GHOHWHULRXV VRXUFH RI HQHUJ\  ZLQG HQHUJ\ 7KH LGHD LV WR
LQWURGXFHDQHQHUJ\PL[WKDWZLOODLGWKHGHYHORSPHQWRIUHPRWH
FRPPXQLWLHV ZKLOH LQFUHDVLQJ WKH WRWDO HQHUJ\ GHOLYHUHG WR
GLVWULEXWLRQQHWZRUNVLQHDFKUHJLRQE\JHQHUDWLQJZLQGSRZHU
LQWKH0:UDQJH7KLVFRQFHSWLVDVWHSWRZDUGVUHDOLVLQJWKH
)HGHUDO *RYHUQPHQW RI 1LJHULD
V SROLF\ RQ HPEHGGHG
JHQHUDWLRQZLWKSRVLWLYHIHHGLQWDULIIVDYDLODEOHIRUUHQHZDEOH
HQHUJ\FRQWULEXWLRQIURPFRQVXPHUV
$(QHUJ\6LWXDWLRQLQ1LJHULD
,Q 'HFHPEHU  LW ZDV UHSRUWHG WKDW 1LJHULD
V WRWDO
LQVWDOOHGSRZHUJHQHUDWLRQFDSDFLW\ZDV0:+RZHYHU
WKHQDWLRQ
VDYDLODEOHFDSDFLW\DWWKHWLPHVWRRGDW0:
ZKLOH DYHUDJHJHQHUDWLRQSHDNHGEHORZ0:>@$V DW
$XJXVW  1LJHULD
V 0LQLVWU\ RI 3RZHU HVWLPDWHG D QHZ
JHQHUDWLRQ SHDN KRYHULQJ DURXQG  0: +RZHYHU WKLV
YDOXHLVDSSUR[LPDWHO\HLJKW WLPHVORZHU WKDQ6RXWK$IULFD
V
ZKLFKLQDTXLUNRIIDWHKDVRQO\DWKLUGRI1LJHULD¶VSRSXODWLRQ
>@








:LQG3RZHU0DSSLQJDQG139RI(PEHGGHG
*HQHUDWLRQ6\VWHPVLQ1LJHULD
2OXVH\L2$MD\L2KLRVH'2KLMHDJERQ0HUF\2JERQQD\D$PHK$WWDER
1
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

)LJ1LJHULD
VWRWDOSULPDU\HQHUJ\FRQVXPSWLRQ>@

&RQVLGHULQJSHUFDSLWDHOHFWULFLW\FRQVXPSWLRQ1LJHULDLVLQ
DYHU\GLUHVWDWH,QFRPSDULVRQWRRWKHUFRXQWULHVZLWKVLPLODU
GHPRJUDSK\
VVXFKDV3DNLVWDQDQG%UD]LO1LJHULD
VSHUFDSLWD
FRQVXPSWLRQ LV  DQG  WLPHV OHVV WKDQ WKHVH FRXQWULHV
UHVSHFWLYHO\>@(QHUJ\SRYHUW\LQ1LJHULDFDQEHUHJDUGHGDV
SUHYDLOLQJDQGH[WUHPHO\VHYHUHDVRQO\RIWKHSRSXODWLRQ
KDYHDFFHVVWRHUUDWLFHOHFWULFLW\VXSSO\DQGDSSUR[LPDWHO\
RIWKHSRSXODFHDUHLVRODWHGIURPWKHQDWLRQDOJULG)XUWKHUWR
WKLVWKHPDMRULW\RIUXUDOGZHOOHUVDUHODUJHO\RQWKHUHFHLYLQJ
HQG RI HQHUJ\ SRYHUW\ 7KH\ KDYH WKHUHIRUH UHVRUWHG WR WKH
XQZKROHVRPHXVHRI WUDGLWLRQDOELRPDVV WRPHHW WKHLU HQHUJ\
QHHGV
7U\LQJWRFORVH1LJHULD¶VHQHUJ\GHILFLWLVJRLQJWREHDWDOO
RUGHUHVSHFLDOO\ZLWKDQDSSURDFKWKDWSUHGRPLQDQWO\IRFXVHV
RQIRVVLOEDVHGWHFKQRORJLHV7KHVHWHFKQRORJLHVDUHNQRZQWR
UHTXLUH KXJH FDSLWDO LQYHVWPHQWV FRXSOHG ZLWK YHU\ KLJK
RSHUDWLRQ DQGPDLQWHQDQFH FRVWV 7KHUHIRUH WKH IDVWHVW URXWH
RXWRI WKLVTXDJPLUH LV IRU1LJHULD WR ORRN LQ WKHGLUHFWLRQRI
QRQGHSOHWLQJHQYLURQPHQWDOO\IULHQGO\HQHUJ\VRXUFHVZKLFK
DUH IUHHO\ DEXQGDQW DFURVV WKH FRXQWU\ $OWKRXJK UHQHZDEOH
HQHUJ\ WHQGV WR KDYH KLJK LQLWLDO FDSLWDO FRVWV WKH FRVW RI
RSHUDWLRQ DQG PDLQWHQDQFH LV ORZ )LJ  SUHVHQWV WKH WRWDO
HOHFWULFLW\QHWJHQHUDWLRQDQGFRQVXPSWLRQLQ1LJHULDRYHUD
\HDUSHULRGVSDQQLQJWR


)LJ7RWDOSRZHUJHQHUDWLRQDQGGLVWULEXWLRQ>@
%:LQG5HVRXUFH$VVHVVPHQWLQ1LJHULD
$ QXPEHU RI UHVHDUFKHV KDYH EURXJKW WR OLJKW WKH KXJH
SRWHQWLDO RI JHQHUDWLQJ HOHFWULFLW\ RQ D PDVVLYH VFDOH IURP
UHQHZDEOHHQHUJ\UHVRXUFHVLQ1LJHULD0HGXJXDQG0DOJZL>@
VWXGLHG DQG HVWLPDWHG WKH ZLQG HQHUJ\ SRWHQWLDO RI 0XEL
$GDPDZD6WDWH1LJHULD7KHPRQWKO\DYHUDJHZLQGVSHHGZDV
IRXQG WR EH PV ZLWK DQ HVWLPDWHG SRZHU GHQVLW\ RI
:P 7KH UHVHDUFKHUV WKHQ VXJJHVWHG WKDW KDUQHVVLQJ
ZLQGHQHUJ\IRUSRZHUJHQHUDWLRQFRXOGVXIILFLHQWO\FDWHU IRU
WKH  0: SRZHU GHILFLW LQ WKH WRZQ ZKLOH SURYLGLQJ
HQYLURQPHQWDOO\IULHQGO\ HQHUJ\ $MD\L HW DO >@ VWDWLVWLFDOO\
DQDO\VHGWKHIHDVLELOLW\RIJHQHUDWLQJZLQGSRZHULQ-RV1RUWK
FHQWUDO1LJHULD7KH\HPSOR\HGDKLVWRULFDOPRQWKO\PHDQZLQG
VSHHGGDWDVHWVSDQQLQJ\HDUVZKLOHFDUU\LQJRXWPRQWKO\
DQQXDODQGVHDVRQDODQDO\VLVRIZLQGHQHUJ\SRWHQWLDOVDW WKH
VLWH 7KH\ GLVFRYHUHG D YHU\ IDYRXUDEOH ZLQG VSHHG SURILOH
VXLWDEOH IRUZLQG IDUPSURMHFWV LQ WKH0:JHQHUDWLRQ UDQJH
7KHDYHUDJHZLQGVSHHGRIWKHVLWHUDQJHGEHWZHHQDQG
PVDFURVVGLIIHUHQWVHDVRQVDQG\HDUV$LGDQDQG2GRGR>@
ILWWHGWKHZLQGVSHHGVRIHLJKWFLWLHVLQ1RUWKHUQ1LJHULDWRIRXU
GLVWULEXWLRQIXQFWLRQVWKHJDPPDGLVWULEXWLRQZDVIRXQGWREH
WKHEHVWILWIRUIRXURIWKHFLWLHVZKLOHWKH:HLEXOOGLVWULEXWLRQ
ZDVWKHEHVWILWIRUWKHRWKHUV)XUWKHUPRUHLWZDVGLVFRYHUHG
WKDWXWLOLW\VFDOHZLQGSRZHUSURGXFWLRQDWDQPKXEKHLJKW
ZDVVXLWDEOHIRU=DULD0DLGXJXUL*XVDXDQG.DGXQD
$MD\LHWDO>@UHVHDUFKHGWKHZLQGSURILOHFKDUDFWHULVWLFV
DQGHFRQRPHWULFVDQDO\VLVRIZLQGSRZHUJHQHUDWLRQRIDVLWHLQ
6RNRWR6WDWH1LJHULD7KHLU VWXG\ UHYHDOHG WKDWZLQG VSHHGV
UDQJHGIURPWRPVZLWKPRGDOZLQGVSHHGVUDQJLQJ
IURPWRPV7KH\DOVRIRXQGWKDWRIWKHZLQGVSHHG
GDWD ZHUH JUHDWHU WKDQ  PV 6XEVHTXHQWO\ WKH RXWFRPH
SURYHGWKDWHOHFWULFLW\JHQHUDWLRQIURPZLQGHQHUJ\ZDVYHU\
YLDEOHZLWKDSRWHQWLDOWRJHQHUDWHEHWZHHQ0:KDQG
*:KSHUPRQWKDQGEHWZHHQDQG*:KSHUDQQXP
2Q\HPHFKL HW DO >@ LQYHVWLJDWHG WKH PHULWV RI RIIVKRUH
ZLQGIDUPVEHLQJWDSSHGLQWKH1LJHULDQRIIVKRUHHQYLURQPHQW
LQFRPSDULVRQZLWKZKDWLVSUHVHQWO\WDNLQJSODFHLQ(XURSHDQ
QDWLRQV&RVWHYDOXDWLRQRIZLQGHQHUJ\H[SORLWDWLRQZHUHWKHQ
FRPSDUHG ZLWK FRQYHQWLRQDO JHQHUDWLRQ E\ 3RZHU +ROGLQJV
&RUSRUDWLRQLQ1LJHULDXVLQJGDWDIURP'DQLVK8WLOLWLHV7KH
RXWFRPHSURYHGWKDWKDUQHVVLQJ1LJHULD
VRIIVKRUHZLQGHQHUJ\
SRWHQWLDOLVTXLWHFRPSHWLWLYHLQFRPSDULVRQWRWKHSUHVHQWFRVW
RIHQHUJ\JHQHUDWLRQE\1LJHULD¶V3RZHU+ROGLQJV3OF
2\HGHSRHWDO>@DQDO\VHGWKHZLQGVSHHGGDWDDQGZLQG
HQHUJ\SRWHQWLDORIWKUHHVLWHVLQVRXWKHDVWHUQ1LJHULD$QQXDO
PHDQZLQGVSHHGVDWDKHLJKWRIPIRU(QXJX2ZHUULDQG
2QLWVKDZHUHIRXQGWREHDQGPVUHVSHFWLYHO\
ZLWK FRUUHVSRQGLQJ DQQXDO PHDQ SRZHU GHQVLWLHV RI 
DQG:PUHVSHFWLYHO\7KHVWXG\WKHQVXJJHVWHG
WKH PRVW IHDVLEOH RSWLRQ IRU HOHFWULFLW\ JHQHUDWLRQ LQ HDFK
ORFDWLRQ'LNNRDQG<DKD\D>@FDUULHGRXWDQHYDOXDWLRQRI
WKHZLQGSRZHUGHQVLW\LQ*RPEH<RODDQG0DLGXJXULDOOLQ
1RUWK(DVWHUQ 1LJHULD 7KH RXWFRPH UHYHDOHG WKDW WKH
QRUWKHDVWHUQ UHJLRQ RI 1LJHULD LV VXLWDEOH IRU ZLQG SRZHU
JHQHUDWLRQ7KHKLJKHVW SRZHUGHQVLW\ DPRQJVW WKH VLWHVZDV
:PDW*RPEH
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
&:LQG3RZHU*HQHUDWLRQ
)URPWKHDERYHVWXGLHVLWLVHYLGHQWWKDWWKHQDWLRQLVYDVWO\
EOHVVHGZLWKDIDYRXUDEOHZLQGSURILOHDFURVVWKHJHRSROLWLFDO
UHJLRQV RI 1LJHULD +RZHYHU PRVW RI WKH VWXGLHV RQ ZLQG
HQHUJ\ VWDWLVWLFDOO\ DQDO\VHG DYHUDJHZLQG VSHHGV DQG SRZHU
GHQVLWLHV )XUWKHUPRUH WKHVH UHVHDUFKHV ZHUH IRFXVHG RQ
LQGLYLGXDO VLWHV RU VHOHFW VLWHV ZLWKLQ D JHRSROLWLFDO UHJLRQ
7KHUHIRUH WKLV UHVHDUFK LV FHQWUHG RQ SUHVHQWLQJ D KROLVWLF
UHFRUG RI ZLQG HQHUJ\ JHQHUDWLRQ SRWHQWLDOV RI DOO IRUW\
PHWHRURORJLFDO VLWHV DFURVV WKH VL[ UHJLRQV LQ 1LJHULD 7KLV
VWXG\ SUHVHQWV D PDSSLQJ RI DOO VLWHV ZKLOH UHYHDOLQJ WKH
SURILWDELOLW\RURWKHUZLVHRIJHQHUDWLQJZLQGSRZHUDWHDFKVLWH
YLDXWLOLW\VFDOHZLQGWXUELQHLQVWDOODWLRQVE\WDNLQJDGYDQWDJH
RI 1LJHULD¶V UHQHZDEOH HQHUJ\ GULYHV >@>@ ZKLFK KDV
FXOPLQDWHGLQD IDYRXUDEOHIHHGLQ WDULII>@IRULQGHSHQGHQW
UHQHZDEOHHQHUJ\SURGXFHUV$QH[FHVVRI0:JHQHUDWHGFDQ
EH IHG LQWR D QHDUE\ GLVWULEXWLRQ QHWZRUN LQ D IRUP RI
JHQHUDWLRQ WHUPHG HPEHGGHG JHQHUDWLRQ 7KH UHVHDUFK
DSSURDFK LQYROYHV JHQHUDWLQJ IUHH HOHFWULFLW\ WKURXJK ZLQG
HQHUJ\IRUUXUDOFRPPXQLWLHVZLWKHUUDWLFRUQRQH[LVWHQWSRZHU
VXSSO\ZKLOHVHOOLQJWKHHQHUJ\LQH[FHVVRI0:WRDQHDUE\
GLVWULEXWLRQJULG7KHFRPPXQLWLHVFRQVLVWKRPHVDVFKRRO
DQGFRPPXQLW\KHDOWKFHQWUH
7KH SDSHU UHFRPPHQGV WKH LQFRUSRUDWLRQ RI WKLV DSSURDFK
OHDG WKURXJK D SULYDWH VHFWRU GULYH LQ WKH UHQHZDEOH HQHUJ\
VHFWRUZKHUHVRFLDOO\ UHVSRQVLEOHHQWLWLHVFDQSURYLGHHQHUJ\
IRUWKHUXUDOSRSXODFHDQGLQWKHSURFHVVVHFXUHSURILWV7KLVZLOO
HQKDQFH ERRVW DQG DFFHOHUDWH WKH JURZWK RI SHU FDSLWD
HOHFWULFLW\FRQVXPSWLRQDQGKHOSGHYHORSWKHOHWKDUJLFQDWXUHRI
WKHQDWLRQ¶VUXUDOHOHFWULILFDWLRQSURJUDPPHV
,,5(6($5&+0(7+2'2/2*<
7KHORFDWLRQSDUDPHWHUVDQGORFDWLRQRIWKHVHOHFWHGVLWHVDUH
DVVKRZQLQ7DEOH,DQG)LJ&XPXODWLYH0:(QHUFRQ(
ZLQGWXUELQHVRI0:ZHUHXWLOL]HGIRUDOOORFDWLRQV
$'DWD&ROOHFWLRQ
7KHGDLO\ZLQGVSHHGVVSDQQLQJ\HDUV  WKDW
ZHUH HPSOR\HG IRU WKLV VWXG\ZHUH VRXUFHG IURP WKH1LJHULD
0HWHRURORJLFDODJHQF\1,0(72VKRGL/DJRV1LJHULD
%/RDG&DOFXODWLRQ
(OHFWULFLW\ FRQVXPSWLRQ DPRQJ UXUDO FRPPXQLWLHV LQ
GHYHORSLQJQDWLRQVKDVEHHQGHWHUPLQHGWREHUHODWLYHO\ORZLQ
WKH UDQJH RI DQ DYHUDJH RI  N:KGD\ SHU KRPH >@ >@
7KHUHIRUHWKLVVWXG\DVVXPHGDQHQHUJ\GHPDQGUHTXLUHPHQW
RI  N:KGD\ IRU HDFK KRPH LQ WKH DVVHVVHG UXUDO
FRPPXQLWLHVZKLFKLVVXSSRUWHGE\LQGLYLGXDOSRZHUUDWLQJRI
WKHSURSRVHGDSSOLDQFHVXWLOL]HGLQHDFKKRPH7DEOHV,,DQG,,,
>@>@SUHVHQWWKHPRGHRIDQDO\VLVZKLOH)LJUHYHDOVWKH
KRXUKRXUO\ORDGSURILOHXVHGLQRSWLPL]LQJWKH5(V\VWHP
IRU HDFK FRPPXQLW\+RZHYHU WKLV ORDG SURILOHZDV GLUHFWO\
FDSWXUHG LQ WKH0:ZLQG WXUELQHGHVLJQ DUUDQJHPHQW IRU
HDFK VLWH ZKLOH UXQQLQJ WKH DQDO\VLV LQ+20(5 VRIWZDUH
6XEVHTXHQWO\WKHUHPDLQLQJXQFRQVXPHGHQHUJ\ZDVVXSSOLHG
WRDGLVWULEXWLRQJULGLQIRUPRIGLVWULEXWHGJHQHUDWLRQ
,,, '$7$$1$/<6,6
$PRQJVW WKH QXPHURXV YDULHWLHV RI VWDWLVWLFDO GLVWULEXWLRQV
KHOSIXO LQGHVFULELQJDQGDQDO\VLQJZLQGVSHHGGDWD:HLEXOO
GLVWULEXWLRQKDVEHHQIRXQGWR\LHOGWKHPRVWVDWLVIDFWRU\UHVXOWV
>@>@ 7KH :HLEXOO VKDSH IDFWRU N LV D SDUDPHWHU WKDW
VSHFLILHV WKHZLGHQHVV  QDUURZQHVVRIDGLVWULEXWLRQRIZLQG
VSHHGV 7KH +20(5 VRIWZDUH VLPXODWLRQ ILWV D :HLEXOO
GLVWULEXWLRQWRWKHKLVWRULFDOZLQGVSHHGGDWDIRUZKLFKWKHN
YDOXHLQGLFDWHVWKHVKDSHRIWKDWGLVWULEXWLRQ>@

     

IYLVWKHSUREDELOLW\RIKDYLQJDZLQGVSHHGRIPDJQLWXGHY
7KH PDWFKLQJ :HLEXOO &XPXODWLYH 'LVWULEXWLRQ )XQFWLRQ
&')LVJLYHQDV

     

ZKHUHFDQGNDUHWKHVFDOHDQGVKDSHSDUDPHWHUVRIWKH:HLEXOO
GLVWULEXWLRQUHVSHFWLYHO\)YLVXVHGLQHVWDEOLVKLQJWKH&')
RIREVHUYLQJZLQGVSHHGY
(TXDWLRQDQGHYDOXDWHVWKH:HLEXOOPHDQZLQGVSHHG
DQGVWDQGDUGGHYLDWLRQ

        

īLVWKHJDPPDIXQFWLRQRI

   
$(VWLPDWLRQRI:LQG3RZHU'HQVLW\
7KH ZLQG SRZHU GHQVLW\ IRU HDFK VLWH LV FDOFXODWHG LQ 
XVLQJWKH:HLEXOOSDUDPHWHUVDV

         

SY ZLQGSRZHUGHQVLW\:PDQGȡ DLUGHQVLW\DW WKH
VLWH
%6LPXODWLQJ WKH (OHFWULFDO 3RZHU 2XWSXW IURP D :LQG
7XUELQH0RGHO
(TXDWLRQ  SUHVHQWV D FRPELQDWLRQ WKDW FDQ EH XVHG LQ
VLPXODWLQJ WKH HOHFWULFDO SRZHU \LHOG RI GLYHUVHZLQG WXUELQH
PRGHOV

    
&:LQG(QHUJ\3URGXFWLRQ6LPXODWLRQ
7KH DYHUDJH SRZHU RXWSXW   RI D ZLQG WXUELQH LV
SUHVHQWHG LQ    LV FRQQHFWHG WR WKH WRWDO HQHUJ\
SURGXFHGLQDGGLWLRQWRWKHWRWDOUHYHQXHFRVWDQDO\VLV>@
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
    

(TXDWLRQ  SUHVHQWV WKH FDSDFLW\ IDFWRU &) RI D ZLQG
WXUELQH LGHQWLILHG DV WKH DYHUDJH SRZHU RXWSXW RI WKH ZLQG
WXUELQHVGLYLGHGE\WKHWRWDOFDSDFLW\RI WKHZLQGWXUELQHV
>@>@

    

2QH WXUELQH PRGHO ZDV HPSOR\HG IRU WKH HPEHGGHG
JHQHUDWLRQ DQDO\VLV 7KLV LV WKH ( RI (QHUFRQ 7KH
WHFKQLFDOGHWDLOVRIWKHWXUELQHVDUHSUHVHQWHGLQ7DEOH,9>@
>@7KH SRZHU FXUYH IRU WKH WXUELQH LV SUHVHQWHG LQ )LJ 
&XPXODWLYH ( WXUELQHV ZHUH XWLOL]HG IRU HPEHGGHG
JHQHUDWLRQ DW HDFK PHWHRURORJLFDO VWDWLRQ 7KH ZLQG HQHUJ\
HPEHGGHGJHQHUDWLRQ V\VWHPVZHUH VXLWHG WRFRQQHFW WRD 
09$ GLVWULEXWLRQ LQMHFWLRQ VXEVWDWLRQ 7KH IHHGLQ WDULII IRU
ZLQG HQHUJ\ LQ1LJHULD
V(OHFWULFLW\5HJXODWRU\&RPPLVVLRQ
0XOWL<HDU 7DULII 2UGHU IRU \HDU  LV N:K >@
7DEOH9SUHVHQWVWKHDVVXPSWLRQVXVHGLQVLPXODWLQJFRQQHFWLRQ
WRGLVWULEXWLRQQHWZRUNVLQHDFKUHJLRQ7DEOH9FRQWDLQVDJULG
SXUFKDVHFDSDFLW\EHFDXVHWKHUHQHZDEOHHQHUJ\VXSSO\WRWKH
UXUDOFRPPXQLWLHVZDVGHVLJQHGWRRSHUDWHDWDPD[LPXP
DQQXDOFDSDFLW\VKRUWDJH7KHUHIRUHWKHUHUHPDLQVDSRVVLELOLW\
RISXUFKDVLQJSRZHUIURPWKHJULGDWVLWHVWKDWGRQRWJHQHUDWH
FRQVLVWHQWO\WKURXJKDOOWKHKRXUVRID\HDU
'&RVW%HQHILW$QDO\VLV
6LQFHFRQYHQWLRQDODQGQRQFRQYHQWLRQDOHQHUJ\VRXUFHVDUH
NQRZQ WR SUHVHQW H[WUHPHO\ GLYHUVH FRVW FKDUDFWHULVWLFV D
VXLWDEOH HFRQRPLF RSWLPL]DWLRQ PRGHO LV XVXDOO\ GHFLVLYH LQ
VHOHFWLQJUHQHZDEOHDQGQRQUHQHZDEOHHQHUJ\VRXUFHVHLWKHU
VLQJO\ RU LQ FRPELQDWLRQ >@ 5HQHZDEOH VRXUFHV RI HQHUJ\
KDYH D WHQGHQF\ WRZDUGV KLJK LQLWLDO FDSLWDO FRVWV DQG ORZ
RSHUDWLQJ FRVWVZKLOH FDUERQEDVHG VRXUFHV DUH FRQWUDULZLVH
+HQFHLQHIIHFWWKH+20(5RSWLPL]DWLRQPRGHOHPSOR\HGLQ
WKLVVWXG\VLPXODWHVWKHGHVLJQVHWXSWRZDUGVDGHFOLQLQJOLIH
F\FOHFRVWRUWRWDOQHWSUHVHQWFRVW13&
$OOFRVWVLQFXUUHGGXULQJWKH5HQHZDEOH(QHUJ\5(V\VWHP
OLIHWLPH DUH FDSWXUHG LQ WKH OLIH F\FOH DQDO\VLV 7KHVH FRVWV
LQFOXGH WKH LQLWLDO FRVWV RI FRQVWUXFWLRQ PDLQWHQDQFH
FRPSRQHQWUHSODFHPHQWVIXHOFRVWVLIDSSOLFDEOHDQGFRVWRI
EX\LQJSRZHU IURP WKHJULG ZKHUHDSSOLFDEOHSOXV UHYHQXH
\LHOGV IURP HQHUJ\ VDOHV WR D GLVWULEXWLRQ QHWZRUN JULG LQ
DGGLWLRQWRDQ\VDOYDJHYDOXHGHWHUPLQHGDWWKHHQGRIWKH5(
V\VWHPOLIHF\FOH,WLVQRWHZRUWK\WKDWLQHVWLPDWLQJOLIHF\FOH
FRVWVLQWKLVVWXG\FRVWVDUHUHJDUGHGDVQHJDWLYHDQGUHYHQXHV
DVSRVLWLYH
7KH VDOYDJH YDOXH RI DOO FRPSRQHQWV RI DW WKH HQG RI WKH
SURMHFWOLIHF\FOHLV

        

ZKHUH 6 LV WKH VDOYDJH YDOXH  LV WKH FRPSRQHQW
UHSODFHPHQWFRVW LVWKHUHPDLQLQJOLIHRIWKHFRPSRQHQW
DQG UHSUHVHQWVWKHFRPSRQHQWOLIHWLPH
7KHFRVWRI WKHZLQGHQHUJ\V\VWHPXVHG LQVLPXODWLQJ WKH
5(V\VWHPVHWXSLVSUHVHQWHGLQ7DEOH9,>@>@$\HDU
SURMHFW OLIH F\FOH ZDV XWLOL]HG LQ FDUU\LQJ RXW WKH WHFKQR
HFRQRPLFVLPXODWLRQRIWKHZLQGHQHUJ\V\VWHP
(TXDWLRQ  LV XVHG LQ GHWHUPLQLQJ WKH WRWDO QHW SUHVHQW
FRVWDIWHUWKHWRWDODQQXDOL]HGFRVWRIWKHV\VWHPLVGHULYHGIURP
WKHDQQXDOL]HGFRVW IRUHDFKFRPSRQHQW7KHWRWDODQQXDOL]HG
FRVW LV YLWDO LQ HVWLPDWLQJ WKH YDOXH RI WZR IXQGDPHQWDO
HFRQRPLF LQGLFDWRUV IRU WKH V\VWHP ZKLFK DUH WKH WRWDO QHW
SUHVHQWFRVWDQGWKHOHYHOL]HGFRVWRIHQHUJ\/&2(

       

ZKHUH&DQQWRWLVWKHWRWDODQQXDOL]HGFRVWLUHSUHVHQWVWKHDQQXDO
UHDOLQWHUHVWUDWHWKHGLVFRXQWUDWH LVWKHSURMHFWOLIHWLPH
DQG&5)xLVWKHFDSLWDOUHFRYHU\IDFWRUZKLFKLVSUHVHQWHG
LQ

      

LLVWKHDQQXDOUHDOLQWHUHVWUDWHZKLOH1 WKHQXPEHURI\HDUV
7KHDQQXDOL]HGFDSLWDOFRVWIRUHDFKFRPSRQHQWLV

     

ZKHUH  WKHLQLWLDOFDSLWDOFRVWRIWKHFRPSRQHQW
7KHDQQXDOL]HGUHSODFHPHQWFRVWIRUHDFKFRPSRQHQWRIWKH
V\VWHPLVUHSUHVHQWHGE\



 UHSUHVHQWV D IDFWRU QHFHVVLWDWHG RQ WKH IDFW WKDW D
FRPSRQHQWOLIHVSDQPD\EHGLIIHUHQWIURPWKHV\VWHPOLIHVSDQ

  

 WKHUHSODFHPHQWFRVWGXUDWLRQ

    

,17LVDQLQWHJHUIXQFWLRQWKDWUHWXUQVWKHLQWHJHUSRUWLRQ
RIDUHDOYDOXH
7KHVDOYDJHYDOXH6RIHDFKFRPSRQHQWLVDVVXPHGWREH
SURSRUWLRQDOWRLWVUHPDLQLQJOLIHDWWKHHQGRIWKHSURMHFWOLIH
F\FOH

        




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7$%/(,
/2&$7,213$5$0(7(52)7+(678',('6,7(6
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=RQH 6LWH 6WDWH /DWLWXGH1/RQJLWXGH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
1RUWK:HVW
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
6KDNL 2\R  
,EDGDQ 2\R  
6RXWK(DVW
2QLWVKD $QDPEUD  
(QXJX (QXJX  
2ZHUUL ,PR  
6RXWK6RXWK
&DODEDU &URVV5LYHUV  
3RUW+DUFRXUW 5LYHUV  
,NRP &URVV5LYHUV  
2JRMD &URVV5LYHUV  
:DUUL 'HOWD  
8\R $NZD,ERP  
%HQLQ&LW\ (GR  


)LJ0DSRI1LJHULDKLJKOLJKWLQJWKHVL[JHRSROLWLFDO]RQHV>@



7$%/(,,
*(1(5$/:$77$*(&+$57)25620(+286(+2/'$33/,$1&(6
3RZHUUDWLQJ +RXVHKROG$SSOLDQFH
ZDWWV FHLOLQJIDQORZVSHHG
ZDWWV &57WHOHYLVLRQ
ZDWWV 'HVNWRS&RPSXWHU	&57PRQLWRU
ZDWWV ZDWWOLJKWEXOELQFDQGHVFHQW
ZDWWV &)/OLJKWEXOEZDWWHTXLYDOHQW


)LJ'DLO\ORDGSURILOHXVHGIRUGHVLJQRIZLQGHQHUJ\V\VWHPVLQ
UXUDODUHDVRI1LJHULD


)LJ3RZHUFXUYHIRU(

\LHOGVWKHUHPDLQLQJOLIHRIWKHFRPSRQHQWDWWKHHQGRI
SURMHFWOLIHWLPH

     

ZKHUH UHSUHVHQWVWKHUHSODFHPHQWFRVWRIWKHFRPSRQHQW
 OLIHWLPHRIWKHFRPSRQHQW
7KHVLQNLQJIXQGIDFWRULVDUDWLRXVHGLQHVWLPDWLQJWKHIXWXUH
YDOXHRIDVHTXHQFHRIHTXDODQQXDOFDVKIORZV(TXDWLRQ
FDSWXUHVWKHVLQNLQJIXQGIDFWRU

       

6))LVWKHVLQNLQJIXQGIDFWRU
7KHWRWDORSHUDWLRQDQGPDLQWHQDQFH2	0FRVWWKHVXPRI
WKHV\VWHPIL[HG2	0FRVWSOXVSHQDOW\IRUFDSDFLW\VKRUWDJH
7KHWRWDODQQXDO2	0FRVWLV

   
World Academy of Science, Engineering and Technology
International Journal of Environmental, Chemical, Ecological, Geological and Geophysical Engineering Vol:10, No:5, 2016 
483International Scholarly and Scientific Research & Innovation 10(5) 2016 scholar.waset.org/1999.6/10004296
In
te
rn
at
io
na
l S
ci
en
ce
 In
de
x,
 E
ne
rg
y 
an
d 
Po
w
er
 E
ng
in
ee
rin
g 
V
ol
:1
0,
 N
o:
5,
 2
01
6 
w
as
et
.o
rg
/P
ub
lic
at
io
n/
10
00
42
96

ZKHUH  V\VWHPIL[HG2	0FRVW\U  SHQDOW\
IRUFDSDFLW\VKRUWDJH\U  SHQDOW\IRUHPLVVLRQV
\U
(TXDWLRQFDOFXODWHVSHQDOW\IRUFDSDFLW\VKRUWDJH

          

ZKHUH   FDSDFLW\ VKRUWDJH SHQDOW\ N:K   WRWDO
FDSDFLW\VKRUWDJHN:K\U
&RQVHTXHQWO\WKHWRWDODQQXDOL]HGFRVWLV



ZKHUH DQQXDO SURMHFW UHYHQXH \U 7KHUHIRUH
WKHOHYHOLVHGFRVWRIHQHUJ\/&2(LV

     
ZKHUH FRYHUVWKHWRWDODQQXDOL]HGFRVW DQG 
LV WKH WRWDO DPRXQWV RI SULPDU\ DQG GHIHUUDEOH ORDG VHUYHG
DQQXDOO\ E\ WKH V\VWHP UHVSHFWLYHO\ VXPPHG XS DV
 WRWDO ORDG VHUYHG ZKLOH  LV WKH
DPRXQWRIHQHUJ\VROGWRWKHJULGSHUDQQXP,QWKLVDQDO\VLV
LQ FRPSXWLQJ /&2( YDOXHV HQHUJ\ VHUYHG LV UHJDUGHG DV
QHJDWLYH DQG JULG VDOHV UHYHQXH LV UHJDUGHG DV SRVLWLYH
7KHUHIRUH  LV RQO\ YDOLG ZKHQ 

,WLVZRUWKPHQWLRQLQJWKDWLQFLUFXPVWDQFHVZKHUHLQFXUUHG
FRVWVRXWZHLJKUHYHQXHVIURPJULGVDOHVRUDQ\RWKHUUHYHQXH
ZLOO\LHOGDWRWDODQQXDOL]HGFRVWQHJDWLYHYDOXHDQGE\
H[WHQVLRQ D QHJDWLYH /&2( YDOXH 7KLV LV WHUPHG OHYHOLVHG
YDOXHRIHQHUJ\/92(>@7KLVRXWSXWSURYLGHVDPHDVXUH
RI GHWHUPLQLQJ WKH YLDELOLW\ RI JHQHUDWLQJ HOHFWULFLW\ IURP
UHQHZDEOH HQHUJ\ VRXUFHV DW D SRLQW LQ ZKLFK UHYHQXHV SOXV
RWKHUJRYHUQPHQWLQFHQWLYHVH[FHHGVDOOFRVWLQFXUUHGSHUN:K
6LQFH WKH 13& KDV \LHOGHG D SRVLWLYH YDOXH LH QHW SUHVHQW
YDOXH139LWH[SODLQVWKDWWKHSURMHFWHGHDUQLQJVJHQHUDWHG
E\ WKH LQYHVWPHQW LQSUHVHQWGROODUVH[FHHGV WKHDQWLFLSDWHG
FRVWVDOVRLQSUHVHQWGROODUV,QJHQHUDODQLQYHVWPHQWZLWKD
SRVLWLYH 139 LV NQRZQ WR EH D SURILWDEOH RQH +HQFH LW LV
VLJQLILFDQW IURP DQ LQYHVWRUV
 VWDQGSRLQW LQ GHWHUPLQLQJ WKH
GHJUHHRISURILWDELOLW\ LQJHQHUDWLQJHQHUJ\DPRQJVWGLIIHUHQW
WHFKQRORJLHVDQGLQWKLVFDVHLWGHWHUPLQHVWKHOHYHORIYLDELOLW\
RIZLQGHQHUJ\SURGXFWLRQDPRQJVWWKHPHWHRURORJLFDOVLWHVLQ
1LJHULD(TXDWLRQUHSUHVHQWVWKH/92(RIWKHV\VWHP

 /92(DSRVLWLYHYDOXH


7$%/(,,,
(/(&75,&,7<&2168037,21$1$/<6,6)25$585$/&20081,7<2)+20(6
'HVFULSWLRQ $&'&
,QWHUPLWWHQW
UHVRXUFHORDG
FRUUHODWLRQ
%DVHFDVH
ORDGKRPHZDWW
1RRIDSSOLDQFHSHU
KRPHZDWW
+RXUVRIXVH
SHUGD\
KUGD\
'D\VRIXVH
SHUZHHN
%DVHFDVHORDGIRU
FRPPXQLW\ZDWW
79 $& 1HJDWLYH     
%XOE $& 1HJDWLYH     
)DQ $& =HUR     
:DWHU3XPS $& 3RVLWLYH &RPPXQLW\EDVHG &RPPXQLW\EDVHG   
5DGLR '& =HUR     
&OLQLFHTXLSPHQW $& 3RVLWLYH &RPPXQLW\EDVHG &RPPXQLW\EDVHG   
6FKRROHOHFWURQLFV $& 3RVLWLYH &RPPXQLW\EDVHG &RPPXQLW\EDVHG   
(OHFWULFLW\GDLO\±$&.:K    (OHFWULFLW\GDLO\$&.:K 

7$%/(,9
785%,1(63(&,),&$7,21
:LQG
0DFKLQH
9F
PV
9)L
PV
9)R
PV
95
PV
3H5
N:
+XE+HLJKW
P
5RWRU
'LDPHWHUP
(QHUFRQ       
9F FXWLQZLQGVSHHG9) ZLQGFXWRXWVSHHG9)L  ORZZLQGFXWRXW
VSHHG9)R KLJKZLQGFXWRXWVSHHG95 UDWHGZLQGVSHHG3H5 UDWHGSRZHU
DWUDWHGZLQGVSHHG


7$%/(9
*5,'&211(&7,2163(&,),&$7,21
'HVFULSWLRQ  N: N:K
,QWHUFRQQHFWLRQFKDUJH   
6WDQGE\FKDUJH \U  
*ULGVDOHFDSDFLW\   
3XUFKDVHFDSDFLW\   
*ULGSRZHUSULFH   
)HHGLQWDULII   


7$%/(9,
&2672)&20321(17686(',17+('(6,*12):,1'',675,%87('
*(1(5$7,216<67(0,167$//$7,21&267(0%(''(',1&20321(17
&267
&RPSRQHQW ,QWHUHVW5DWH
/LIH
WLPH
&RVW
N:
2	0
N:
5HSODFHPHQW
&RVWN:
:LQG
WXUELQH



\HDUV  \U 
,9 5(68/76$1'',6&866,21
$(FRQRPHWULFVRI(PEHGGHG*HQHUDWLRQ
7KHUHVXOWVRIZLQGSURILOHDQDO\VLVDW WKH WRSVLWHVLQHDFK
UHJLRQDUHDVVKRZQLQ)LJVDQG7KHILJXUHVVKRZWKDWWKH
\HDUV¶PRQWKO\DYHUDJHZLQGVSHHGVUDQJHGEHWZHHQPV
LQ1RYHPEHUIRU&DODEDUDQGPVLQ'HFHPEHUIRU-RV7KH
DQQXDODYHUDJHUDQJHGEHWZHHQPVLQIRU,VH\LQDQG
PVLQIRU-RV&RQVLGHULQJWKDWWKHFXWLQZLQGVSHHG
IRU PRGHUQ WXUELQHV LV  PV WKH PRQWKO\ DYHUDJH YDOXHV
HYLGHQFHWKDWPRVWRIWKHVLWHVDUHZHOOPDWFKHGZLWKPRGHUQ
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
ZLQGWXUELQHVIRUSRZHUJHQHUDWLRQWKURXJKRXWWKH\HDU


)LJ$YHUDJHDQQXDOPRQWKO\PHDQZLQGVSHHGIRUWRSVLWHVLQHDFK
UHJLRQGXULQJWKHHQWLUHSHULRG


)LJ$YHUDJHDQQXDOPHDQZLQGVSHHGIRUWRSVLWHVLQHDFKUHJLRQ
GXULQJWKHHQWLUHSHULRG
%:LQG(QHUJ\&ODVVLILFDWLRQIRU1LJHULD
7DEOH9,,SUHVHQWVWKHUDQNLQJRIWKHVLWHVEDVHGRQWKH
VDPH(QHUFRQZLQGWXUELQHUDWHGDW0:LQVHULHVRIILYHIRU
HDFKVLWH7KHUHVXOWRIWKHWHFKQRHFRQRPHWULFUDQNLQJLVEDVHG
RQOLIHF\FOHFRVWVD1HW3UHVHQW9DOXH139DQG/HYHOLVHG
9DOXH RI 3URGXFLQJ (QHUJ\ /92( DQDO\VLV 7DEOH 9,, LV
GLYLGHG LQWR WKUHHFDWHJRULHV([FHOOHQW*RRGDQG,QIHDVLEOH
'XULQJWKHUHVHDUFKVHQVLWLYLW\DQDO\VLVXVLQJGLIIHUHQWSURMHFW
,QWHUHVW5DWH,5ZDVFDUULHGRXWWRGHWHUPLQHWKHYLDELOLW\RI
WKH 5( SURMHFW DW GLIIHUHQW ,5 6L[ ,5 ZHUH XWLOL]HG LQ WKH
VHQVLWLYLW\ DQDO\VLV     DQG $OO VLWHV
ZLWKLQWKHH[FHOOHQWUDQJH\LHOGHGDSRVLWLYH139DW,5
ZKLOHWKRVHLQWKHJRRGFDWHJRU\\LHOGHGSRVLWLYH139DW
,5)XUWKHUPRUHWKRVHVLWHVLQWKHLQIHDVLEOHFDWHJRU\FRXOGQRW
\LHOGDSRVLWLYH139DWWKHOHDVW,5RI$WRWDORIVL[WHHQ
VLWHV ZHUH HVWLPDWHG LQ WKH H[FHOOHQW UDQJH ZKLOH QLQH ZHUH
HVWLPDWHGLQWKHJRRGUDQJH,WZDVGLVFRYHUHGWKDWILIWHHQVLWHV
ZHUHQRWIHDVLEOHIRUXWLOLW\VFDOHZLQGHQHUJ\JHQHUDWLRQIURP
DEXVLQHVVSHUVSHFWLYH
)URP7DEOH9,,LWLVREVHUYHGWKDWWKHQRUWKHUQUHJLRQVOHDG
LQ UDQN IRU ZLQG HPEHGGHG JHQHUDWLRQ WKRXJK ZLWK OLWWOH
LQFXUVLRQLQWRWKHWRSIURPVLWHVLQWKHVRXWK,VH\LQ,EDGDQ
2VKRGL/DJRV(QXJXDQG,NHMD,QIXUWKHUDQFHWRWKLVWKH1:
ZDVREVHUYHGWREHWKHEHVWUHJLRQDVLWKDVWKHKLJKHVWQXPEHU
RIVLWHVIURPDUHJLRQLQWKHH[FHOOHQWFDWHJRU\7KH1:LV
IROORZHGLQUDQNE\WKH1&DQG1(+RZHYHU-RVDVLWHLQ
1&LVWKHPRVWYLDEOHORFDWLRQLQ1LJHULDWRVHWXSDXWLOLW\VFDOH
ZLQGIDUP-RVWRJHWKHUZLWKHLJKWRWKHUVLWHVDOO\LHOGHGD
SRVLWLYH139DWDKLJK,5RIVHH)LJ$OVRWKHVLWHVLQ
VRXWKHUQ1LJHULD FRXOG EH VDLG WR SHUIRUP IDLUO\ZHOOZLWK D
UHDVRQDEOHSRUWLRQRIWKHVLWHVEHLQJHFRQRPLFDOO\YLDEOH
)LJ  SUHVHQWV WKH VDPH UHVXOWV LQ WKH IRUP RI ZLQG SRZHU
PDSSLQJ IRU HPEHGGHG JHQHUDWLRQ LQ 1LJHULD )LJV 
SUHVHQW WKH 139 YDOXHV DJDLQVW HDFK ,5 XWLOL]HG LQ WKH
VHQVLWLYLW\DQDO\VLV IRU WKHGLIIHUHQW UDQNLQJFDWHJRULHVZKLOH
)LJVSUHVHQWWKHQHWJULGVDOHVLQN:KSHUDQQXPIRUHDFK
FDWHJRU\7KHUHVXOWVRIQHWJULGVDOHVDWHDFKVLWHDVVKRZQLQ
)LJV  VKRZ WKDW WKH DQQXDO VDOHV LQ N:K\U UDQJHG
EHWZHHQIRU,ORULQDQGIRU-RVH[FHOOHQW
FDWHJRU\)RUWKHJRRGFDWHJRU\LWUDQJHGEHWZHHQ
IRU $EXMD DQG  IRU 0DNXUGL ZKLOH WKDW RI WKH
LQIHDVLEOH FDWHJRU\ UDQJHG EHWZHHQ  IRU 2QGR DQG
IRU2QLWVKD
6LQFH HDFK VLWH XWLOL]HG WKH VDPHZLQG WXUELQHPRGHO DQG
VLPLODUDVVXPSWLRQVZHUHXVHG LQVLPXODWLQJ WKHZLQGHQHUJ\
JHQHUDWLRQV\VWHPVLWFDQEHFOHDUO\GHGXFHGWKDWWKHDQQXDOQHW
VDOHVLQN:KFRUUHODWHVZLWKWKH\HDUDYHUDJHDQQXDOZLQG
VSHHGV IRU HDFK VLWH VHH )LJV  7KLV UHYHDOV WKDW WKH
PDJQLWXGH RI HOHFWULF HQHUJ\ UHWULHYDEOH IURP D VLWH LV
RYHUZKHOPLQJO\GHSHQGHQWRQWKHPDJQLWXGHRIZLQGUHVRXUFH
DWWKDWVLWH










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

)LJ:LQGSRZHUPDSSLQJIRUHPEHGGHGJHQHUDWLRQLQ1LJHULD


)LJ139YDOXHVYHUVXV,5IRUWKHH[FHOOHQWFDWHJRU\


)LJ139YDOXHVYHUVXV,5IRUWKHJRRGFDWHJRU\
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

)LJ139YDOXHVYHUVXV,5IRUWKHLQIHDVLEOHFDWHJRU\


)LJ1HWVDOHVYDOXHVYHUVXV,5IRUWKHH[FHOOHQWFDWHJRU\


)LJ1HWVDOHVYDOXHVYHUVXV,5IRUWKHJRRGFDWHJRU\
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
7$%/(9,,
:,1'32:(5&/$66,),&$7,21)251,*(5,$
VQ 6LWH /92(N:KDW,5
139DW
,5
139DW
,5
139DW
,5
139DW
,5
139DW
,5
1HW6DOHV
N:K\U 5HPDUN
 -RV       
([FHOOHQW
 .DQR       
 .DWVLQD       
 6RNRWR      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
)LJ&RUUHODWLRQRIQHWVDOHVZLWKWKH\HDUDYHUDJHDQQXDOZLQG
VSHHGIRUWKHJRRGFDWHJRU\


)LJ&RUUHODWLRQRIQHWVDOHVZLWKWKH\HDUDYHUDJHDQQXDOZLQG
VSHHGIRUWKHLQIHDVLEOHFDWHJRU\
9&21&/86,21
%DVHGRQWKHUHVXOWVRI WKLVVWXG\ LWFDQEHFRQFOXGHGWKDW
RIWKHSUHVHQWPHWHRURORJLFDOVWDWLRQVFXWWLQJDFURVVDOO
WKHJHRSROLWLFDOUHJLRQVRI1LJHULDDUHVXLWDEOHIRUXWLOLW\VFDOH
ZLQG HQHUJ\ VWDQGDORQH V\VWHPV 7KH HPEHGGHG JHQHUDWLRQ
V\VWHPVDQDO\VLVSURRIWKDWWKLVIRUPRIJHQHUDWLRQFDQEHFRPH
HIIHFWLYH ZKHQ HQJDJHG E\ ERWK JRYHUQPHQW DQG SULYDWH
FRUSRUDWLRQV LQ SURYLGLQJ HQYLURQPHQWDOO\IULHQGO\ DQG QRQ
GHSOHWLQJ UHQHZDEOH HQHUJ\ WR LPSURYHSHU FDSLWD HOHFWULFLW\
FRQVXPSWLRQDQGHPSRZHUWKHSRRULQUXUDOUHJLRQVRI1LJHULD
7KLVLVDOVRFHQWUDOWRDWWDLQLQJWKH6XVWDLQDEOH'HYHORSPHQW
*RDOV 6'*VEXLOWRQ WKH0LOOHQQLXP'HYHORSPHQW*RDOV
0'*VWDUJHWHGIRUDFKLHYHPHQWE\7KHVHQHZ6'*V
LQFOXGH HQGLQJ SRYHUW\ DQG KXQJHU LPSURYLQJ KHDOWK DQG
HGXFDWLRQPDNLQJFLWLHVPRUHVXVWDLQDEOHFRPEDWLQJFOLPDWH
FKDQJHHWF7KHVHJRDOVOLNHWKH0'*VDUHDOVRVLJQLILFDQWO\
KLQJHG RQ DGHTXDWH DFFHVV WR FOHDQ HQHUJ\ 7KHUHIRUH WKLV
SDSHUUHFRPPHQGVWKHLQFRUSRUDWLRQRIWKHDSSURDFKSUHVHQWHG
LQWKLVVWXG\DSULYDWHVHFWRUOHGGULYHLQWKHUHQHZDEOHHQHUJ\
VHFWRUZKHUHJRYHUQPHQWDQGVRFLDOO\UHVSRQVLEOHHQWLWLHVFDQ
SURYLGHHQHUJ\IRUWKHUXUDOSRSXODFHDQGLQWKHSURFHVVVHFXUH
SURILWV7KLVZLOOHQKDQFHERRVWDQGDFFHOHUDWHWKHJURZWKRI
SHU FDSLWD HOHFWULFLW\ FRQVXPSWLRQ DQG KHOS VWLPXODWH WKH
OHWKDUJLF QDWXUH RI WKH QDWLRQ¶V UXUDO HOHFWULILFDWLRQ
SURJUDPPHV
5()(5(1&(6
>@ ,QWHUQDWLRQDO HQHUJ\ GDWD DQG DQDO\VLV 86 (QHUJ\ ,QIRUPDWLRQ
$GPLQLVWUDWLRQ ,QWHUQDWLRQDO (QHUJ\ $JHQF\ $YDLODEOH RQOLQH
KWWSZZZHLDJRYEHWDLQWHUQDWLRQDO"ILSV QLDFFHVVHG
>@ 6DPER$66WUDWHJLF'HYHORSPHQWVLQ5HQHZDEOH(QHUJ\LQ1LJHULD
,QWHUQDWLRQDO$VVRFLDWLRQIRU(QHUJ\(FRQRPLFVSS
>@ 5HSRUW RI WKH ,QWHU0LQLVWHULDO&RPPLWWHHRQ&RPEDWLQJ'HIRUHVWDWLRQ
DQG'HVHUWLILFDWLRQ$XJXVW
>@ <HDULQ5HYLHZ3UHVLGHQWLDO7DVN)RUFHRQ3RZHU3J
>@ 1LJHULD*HWV:RUOG%DQN*XDUDQWHHIRU0HJDZDWW3RZHU3ODQWE\
3DXO :DOODFH %ORRPEHUJ %XVLQHVV $YDLODEOH RQOLQH
KWWSZZZEORRPEHUJFRPQHZVDUWLFOHVQLJHULDJHWV
ZRUOGEDQNJXDUDQWHHIRUPHJDZDWWSRZHUSODQW"FPSLG \KRR
DFFHVVHG
>@ :RUOG'HYHORSPHQW ,QGLFDWRUV (OHFWULF SRZHU FRQVXPSWLRQ N:K SHU
FDSLWD ,($ 6WDWLVWLFV  2(&',($ $YDLODEOH RQOLQH
KWWSGDWDZRUOGEDQNRUJLQGLFDWRU(*86((/(&.+3&FRXQWULHV"GLV
SOD\ GHIDXOWDVVHVVHGRQ
>@ 1LJHULD(OHFWULFLW\1HW&RQVXPSWLRQ%LOOLRQ.:K,QWHUQDWLRQDO(QHUJ\
6WDWLVWLFV )HEUXDU\  $YDLODEOH RQOLQH
KWWSQLJHULDRSHQGDWDIRUDIULFDRUJ(,$,(6$XJLQWHUQDWLRQDO
HQHUJ\VWDWLVWLFVIHEUXDU\DFFHVVHG
>@ $VWXG\RIZLQGHQHUJ\SRWHQWLDOUHPHG\IRUIOXFWXDWLRQRIHOHFWULFSRZHU
LQ 0XEL $GDPDZD 6WDWH 1LJHULD ':0HGXJX ',0DOJZL 1LJHULDQ
-RXUQDORI3K\VLFV9RO
>@ 22$MD\L52)DJEHQOH -.DWHQGH -22NHQL\L$YDLODELOLW\ RI
ZLQG HQHUJ\ UHVRXUFH SRWHQWLDO IRU SRZHU JHQHUDWLRQ DW -RV 1LJHULD
)URQWLHUVLQ(QHUJ\'HFHPEHU9ROXPH,VVXHSS
>@ -$LGDQ-&2GRGR:LQG6SHHG'LVWULEXWLRQVDQG3RZHU'HQVLWLHVRI
6RPH &LWLHV LQ 1RUWKHUQ 1LJHULD -RXUQDO RI (QJLQHHULQJ DQG $SSOLHG
6FLHQFHV,661;
>@ $MD\L22 )DJEHQOH52.DWHQGH -:LQG 3URILOH&KDUDFWHULVWLFV
DQG(FRQRPHWULFV$QDO\VLVRI:LQG3RZHU*HQHUDWLRQRID6LWHLQ6RNRWR
6WDWH1LJHULD(QHUJ\6FLHQFHDQG7HFKQRORJ\9RO1R33

>@ &2Q\HPHFKL&&,JERDQXVL$((]HQZD$/RJLVWLFV$QDO\VLVRI
1LJHULD¶V2IIVKRUH:LQGIDUP6HFWRU,QWHUQDWLRQDO-RXUQDORI5HVHDUFKLQ
6RFLDO6FLHQFHV,-566	.$-9RO1R$XJ
>@ 622\HGHSR06$GDUDPROD663DXO$QDO\VLVRIZLQGVSHHGGDWD
DQGZLQGHQHUJ\SRWHQWLDOLQWKUHHVHOHFWHGORFDWLRQVLQVRXWKHDVW1LJHULD
,QWHUQDWLRQDO -RXUQDO RI (QHUJ\ DQG (QYLURQPHQWDO (QJLQHHULQJ 
 $YDLODEOH RQOLQH KWWSZZZMRXUQDOLMHHHFRPFRQWHQW
DFFHVVHG
>@ ,'LNNR'%<DKD\D(YDOXDWLRQRIZLQGSRZHUGHQVLW\LQ*RPEH<ROD
DQG 0DLGXJXUL 1RUWK HDVWHUQ 1LJHULD -RXUQDO RI 5HVHDUFK LQ 3HDFH
*HQGHUDQG'HYHORSPHQW,6619ROSS0D\

>@ (QHUJ\ &RPPLVVLRQ RI 1LJHULD DQG 8QLWHG 1DWLRQV 'HYHORSPHQW
3URJUDPPH(&181'35HQHZDEOH(QHUJ\0DVWHU3ODQ)LQDO'UDIW
5HSRUW ±± $YDLODEOH RQOLQH KWWSZZZLFHHGQLJHULDRUJ
5(03)LQDO5HSRUWSGIDFFHVVHG
>@ )HGHUDO 0LQLVWU\ RI 3RZHU DQG 6WHHO )HGHUDO 5HSXEOLF RI 1LJHULD
5HQHZDEOH (OHFWULFLW\ $FWLRQ 3URJUDPPH 5($3 ±±
$YDLODEOH RQOLQH KWWSZZZLFHHGQLJHULDRUJ5($3
SRVWFRQIHUHQFHSGIDFFHVVHG
>@ $MD\L22$VVHVVPHQWRIXWLOL]DWLRQRIZLQGHQHUJ\UHVRXUFHVLQ1LJHULD
(QHUJ\3ROLF\±
>@ 1LJHULDQ(OHFWULFLW\5HJXODWRU\&RPPLVVLRQ0XOWL<HDU7DULII2UGHUIRU
WKHGHWHUPLQDWLRQRIWKHFRVWRI(OHFWULFLW\*HQHUDWLRQIRUWKHSHULRGVW
-XQHWRVW0D\3S
>@ 0HLHU37XQWLYDWH9%DUQHV')%RJDFK69)DUFK\'3HUXQDWLRQDO
VXUYH\RIUXUDOKRXVHKROGHQHUJ\XVH(QHUJ\DQGSRYHUW\VSHFLDOUHSRUW
7KH,QWHUQDWLRQDO%DQNIRU5HFRQVWUXFWLRQDQG'HYHORSPHQW7KH:RUOG
%DQN*URXS$XJXVW
>@ (QHUJ\IRUDOOHILQDQFLQJDFFHVVIRUWKHSRRU6SHFLDOHDUO\H[FHUSWRIWKH
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ZRUOG HQHUJ\ RXWORRN  7KH ,QWHUQDWLRQDO (QHUJ\ $JHQF\ ,($
S
>@ *HQHUDO :DWWDJH &KDUW $YDLODEOH RQOLQH
KWWS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